Mammalian carnivores are affected by various anthropogenic disturbances near urban environments. Urban expansion and increased anthropogenic activity near and in preserved habitats may cause shifts in the current spatial distributions of those species. To predict the effects of future land-use changes on mammalian carnivores, we modeled their current occurrence across former Fort Ord Army Base as a function of urban proximity and road/trail density. We collected detection/nondetection data for domestic dogs, coyotes (Canis latrans), gray foxes (Urocyon cinereoargenteus), raccoons (Procyon lotor), striped skunks (Mephitis mephitis), and bobcats (Lynx rufus) using scent stations. We analyzed our data with likelihood-based occupancy modeling and used evidence ratios based on Akaike information criterion weights to infer the effect of each variable on occurrence and detection probabilities for each species. We used the estimated weighted model coefficients of the predictive variables to create current and future species distribution maps given proposed landscape changes in the study area. Domestic dogs were more likely to use areas closer to the urban edge, while gray foxes showed a preference toward inland areas. Detection probability was highest in areas closer to the urban edge for striped skunks and in areas with high road/trail densities for raccoons. Our results suggest that the distribution of domestic dogs will most likely expand with future development, while those of gray foxes will contract. We predict that future land-use changes outside of preserved areas will have an adverse effect on gray foxes within the protected areas.
Urbanization is a major causal factor for species endangerment in the continental United States, but its effects may also be associated with other human activities, such as outdoor recreation (Czech et al. 2000) . While urbanization can cause species' displacement due to direct habitat loss, human recreational activities within protected habitat may also be a cause of endangerment; in California alone, 32 species are considered to be endangered by recreation (Czech et al. 2000) . Mammalian carnivores may be especially susceptible to the effects of anthropogenic disturbances because they occur at low population densities and require large areas (Woodroffe and Ginsberg 1998; Woodroffe 2000; Crooks 2002) .
Mammalian carnivores play important roles in ecological communities and may serve as indicators of overall ecosystem health and robustness (Noss et al. 1996; Weaver et al. 1996; Lambeck 1997; Prugh 2009 ). Carnivores contribute to the regulation of prey populations and energy transfer within the ecosystem, act as seed dispersers and scavengers, and have a selective effect on the evolution of prey (Buskirk 1999; Minta et al. 1999; Terborgh et al. 2001) . Mammalian carnivores can also have a strong influence on the structure of vertebrate communities (Crooks and Soulé 1999; Crooks 2002; Prugh 2009) , and the absence of predators can cause trophic cascades throughout ecosystems (Terborgh et al. 2001; Ritchie and Johnson 2009) . Since mammalian carnivores play such important roles in their ecosystems and are particularly vulnerable to anthropogenic activities, knowledge of their distribution is an important metric for land managers to use to assess and protect the health of ecosystems at local scales.
The sensitivity of mammalian carnivores to urbanization varies by species; while some seem to have disappeared from fragmented landscapes, others are more tolerant of anthropogenic disturbances (Crooks 2002) . Similarly, the responses of mammalian carnivores to recreation may vary by species (George and Crooks 2006) . Human recreation may affect wildlife activity, reproduction, and survival (Knight and Gutzwiller 1995; Whittaker and Knight 1998) , it can cause higher energetic costs due to alarmed responses (Miller et al. 2001; Papouchis et al. 2001; Taylor and Knight 2003) , and it can alter carnivore behavior and distribution (Olson et al. 1997; White et al. 1999; Nevin and Gilbert 2005; George and Crooks 2006) . Reed and Merenlender (2008, 2011) found significant differences in carnivore composition and relative abundances between protected areas with and without quiet nonconsumptive recreation. Thus, recreational activities, as well as land-use changes, may have cumulative but varied effects on the distribution of mammalian carnivores.
Protected areas often serve many uses, including conservation of natural resources and human recreation, and land managers are faced with a difficult task of balancing adequate protection of sensitive species and providing ample recreational opportunities for the public. Knowledge of the spatial distribution of sensitive species allows land managers to accommodate recreational uses with minimal impacts to such species. To steer recreationists away from sensitive areas (e.g., newly restored sites, locations of listed species, areas prone to erosion), land managers often open or close roads and trails or limit their use to certain activities. Since roads and trails may be a limiting factor for mammalian carnivore distributions (Whittington et al. 2005; Reed and Merenlender 2011) , knowledge of the effects of road/ trail density on the distribution of mammalian carnivores can be incorporated into the suite of information sources managers can use to protect and enhance available habitats. To investigate the effects of urbanization and recreation on mammalian carnivores, we described the distribution of domestic dogs, coyotes (Canis latrans), gray foxes (Urocyon cinereoargenteus), raccoons (Procyon lotor), striped skunks (Mephitis mephitis), and bobcats (Lynx rufus) as a function of distance to urban edge and road/trail density on the former Fort Ord Army Base located in central coastal California. We postulated that, for at least some species, occupancy would be related to both proximity to urban edge and road/trail density. We also modeled the probability of detection as a function of those covariates because to the best of our knowledge, no previous studies have investigated the effects of distance to urban edge or road/trail density on detection probabilities of mammalian carnivores. Our overall goal was to predict the distribution of mammalian carnivores on Fort Ord under different land use and management scenarios. Specifically, we aimed to develop a reproducible, efficient, sound, and noninvasive monitoring protocol that would yield sufficient data for future studies of effects of land-use changes on mammalian carnivores, create current distribution maps for mammalian carnivores on the former Fort Ord Army Base, create a predicted future distribution map for the studied species, and determine what effect the creation or closure of roads and trails may have on the distribution of mammalian carnivores. (Fig. 1) . The area's maritime climate is characterized by cool, overcast, foggy summers, and cool rainy winters, with the warmest days generally occurring in late summer and early fall (Quinn 2008) . There are 17 distinct habitat types found on former Fort Ord; however, the vast majority of total natural habitat area consists of maritime chaparral (52%), coastal oak woodland (12%), inland oak woodland (6%), and annual grasslands (18%-United States Army Corps of Engineers 1992). The northeast side of the study area is bordered by extensive agricultural areas adjacent to the Salinas River, the southeast side is bordered by low-density residential, commercial, and recreational areas, and the northwest side is adjacent to high-density residential areas. The study area is managed by several public agencies, with varied protection and public access.
Materials and Methods
We established 66 survey sites located 1-km apart along roads and trails. Since sites in areas undergoing munitions remediation had to be along existing roads, we decided to use that constraint for all sites, keeping in mind that our inferences would be limited in scope to areas along roads and trails. Twenty-three of our sites were in fenced-off areas closed to the general public (Fig. 1) . Using ArcInfo 10.0 Software (Environmental Systems Research Institute 2010) and Spatial Ecology Tools (Beyer 2012) , we created a 1-km grid with a random orientation and snapped the grid vertices to the closest road or trail. In instances where adjacent stations were too close to each other (< 1 km), we adjusted the site location accordingly. The 1-km threshold was intended to promote independence between sites and is typical of thresholds previously used for mesocarnivore habitat selection analysis based on noninvasive methods (George and Crooks 2006; O'Connell et al. 2006) . The resulting site locations represented a wide range of possible values of distance to urban edge (0.0-3.6 km) and road/trail density (2.3-15.7 km/km 2 ). Carnivore surveys.-We created scent stations that were 1 m in diameter (Sargeant et al. 1998; Crooks 2002; Ray and Zielinski 2008; Levi and Wilmers 2012) at each preselected survey location using fine, sifted exogenous sand and baited it with a liquid carnivore scent lure (Caven's Gusto, Murray's Lures & Trapping Supplies, Walker, West Virginia). Scent stations have been used successfully to record and identify carnivore occurrences at the species level in a wide range of environmental contexts (Sargeant et al. 1998; Crooks 2002; Bali et al. 2007; Barea-Azcón et al. 2007; Mortelliti and Boitani 2008; Norris et al. 2008; Ray and Zielinski 2008; Espartosa et al. 2011; Svobodová et al. 2011) . We conducted the surveys during 3 weeks in October 2011. We visited each site between 3 and 14 times. We identified tracks to the family level by noting specific and distinguishable foot characteristics, such as the number of toes, shape and size of the tracks, symmetry, and presence or absence of claw marks (Elbroch 2003; Murie and Elbroch 2005; Moskowitz 2010; Elbroch et al. 2012; Lowery 2013) . From there, we identified the tracks to species by looking at more subtle characteristics, such as the size, shape, and relative placement of imprints of toes, metacarpal and metatarsal pads, claw marks, and the negative space between toes and pads. Members of the Canidae family were the most difficult to differentiate because of their similar foot morphology. While we know of no other studies in California that have made the distinction between domestic dogs, coyotes, and gray foxes using scent stations, Crooks et al. (2008) used them to distinguish among these 3 species in Arizona, based on a lineage of authorities stemming from Murie (1954) . The Minnesota Department of Natural Resources has distinguished between coyote, fox, and wolf tracks at 2,500-4,000 scent stations since 1975 by looking for specific characteristics, such as the presence of prominent claw marks and the shape of metacarpal pads (Levi and Wilmers 2012) . A careful examination of each track's size enabled us to tell the difference between adult coyotes and gray foxes because their tracks do not overlap in size (Elbroch 2003) . We were able to differentiate tracks of domestic dogs from those of coyotes and gray foxes because domestic dog tracks are often splayed (outer toes are set further out and are angled outward), their metacarpal pads tend to be wider than their length and, most prominently, the claw marks of domestic dogs are thick and blunt (Elbroch 2003; Moskowitz 2010; Elbroch et al. 2012) . In contrast, coyotes leave much more compact and aerodynamic tracks; the outer toes are positioned further back and are partially tucked behind the leading toes, all toes are pointed forward, claw marks of the outer toes are set close to the inner toes, while those of inner toes often point toward each other and register close together, and all are sharp and pointed (Elbroch 2003; Moskowitz 2010; Elbroch et al. 2012) . Gray fox tracks also have toes pointed forward, and their semi-retractable claws leave sharp and tiny indentations, or are absent altogether. Although a certain level of subjective interpretation is required to identify mammal tracks in sand, we feel confident that our data are accurate indicators of carnivore visitation patterns at scent stations by all species studied because we used only 1 observer and, whenever we encountered a track that did not have clear characteristics for a given species, we excluded it from our analysis. Our observer had many years of experience identifying mammal tracks in natural substrates and received training in track identification from the Shikari Tracking Guild (Young 2009 ), Kamana Naturalist Program (Wilderness Awareness School 2013), and in numerous workshops with widely recognized tracking experts. After recording all tracks present, we cleared and rebaited the station for the next survey. All field work was approved by California State University Monterey Bay's Institutional Animal Care and Use Committee under protocol A11-011 and was in accordance with the guidelines of the American Society of Mammalogists (Sikes et al. 2011) .
Overall modeling framework.-We derived statistical inferences about the existence of specific influences on carnivore occurrence and detection through a formal comparison of multiple models of occurrence and detection; we also predicted future occurrence patterns based on formal model averaging (e.g., Joern et al. 2012; Balkenhol et al. 2013; Becker et al. 2013) . Drawing on the statistical methods of MacKenzie et al. (2006), we developed a function for the likelihood of a model of occupancy and detection probabilities given data on detection at repeated visits to survey sites. The function incorporated probability of detection to address the issue of false absences (i.e., a species occurred at a site but was not detected). We could not assume that the number of visits to each site and the number of days between visits would remain constant, so we incorporated those variables into our likelihood function as follows:
where Ψ is the probability of occupancy and P is the probability of detection; Y is field-observed detection (Y = 1) versus nondetection (Y = 0); V is the set of all sites where at least 1 detection occurred; T is the number of distinct sampling occasions; and D i,t is the number of days corresponding to each observation at each site. We developed a number of hypotheses about the dependence of occupancy and detection probabilities on environmental covariates. Each hypothesis was expressed as a logistic function:
where logit x 1 1 e
β T and γ T are transposed vectors of coefficients for the covariates, and X i is a vector of covariates of interest measured at the ith sampling unit. We allowed both Ψ i and P i to vary spatially but not temporally (since we controlled our data collection to occur within a relatively short time frame).
Model development and variable selection.-We chose landscape covariates that were likely to reflect management actions in the protected areas and land-use planning decisions in the surrounding landscape. Specifically, we were interested in seeing whether road/trail density (R; calculated as sum of all road/trail lengths divided by the area within a 500-m radius [0.785 km 2 ]) and distance to urban edge (U; urban being defined as all residential and industrial areas, as well as the Laguna Seca Raceway) were good predictors of carnivore occurrences. While land management decisions are often based on numerous abiotic, biotic, and social factors, we were particularly interested in evaluating the effects of urbanization and recreation on the distribution of mammalian carnivores in the former Fort Ord.
We determined the values of landscape covariates using GIS software ArcInfo 10.0 (Environmental Systems Research Institute 2010). We used Association of Monterey Bay Area Governments (2007) and National Agriculture Imagery Program (2010) orthoimagery to delineate urban areas, United States Army Corps of Engineers (2010) data to calculate road/ trail densities and to visually determine whether all trails were included. Where possible, we conducted field visits to check the accuracy of the data.
We considered a candidate set of 8 a priori models including all possible combinations of U and R as influences on Ψ, and R as an influence on P (Table 1) . We calculated Akaike information criterion (AIC) values, and summed the AIC weights (AIC w ) to yield relative importance (RI) values for each model component (Burnham and Anderson 2002; Arnold 2010) , and divided these by their complement to yield evidence ratios (ERs) for each covariate that were used as the basis for all formal inferences. This overall strategy mirrors that of Joern et al. (2012) , Balkenhol et al. (2013) , and Becker et al. (2013) . To ensure consistency in our interpretation of ERs, we followed the thresholds suggested by Kass and Raftery (1995) and Becker et al. (2013) : 1 < ER ≤ √10 was "equivocal," ER > √10 was "substantial," ER ≥ 10 was "strong," ER ≥ 10 √10 was "very strong," and ER ≥ 100 was "decisive" evidence for an effect. Post hoc, we considered 4 additional models with U as an influence on P for all species but domestic dogs and 8 models for dogs that incorporated a covariate for fencing (F). The lack of inclusion of this variable might have obscured the effects of other covariates on detection rates of domestic dogs, so we explored the potential importance of F by adding its effect to the 8 a priori models (Table 1) . We computed RI and ER values for U and F as influences on P. Finally, we compared all a priori and post hoc models together to determine weighted covariate coefficients for each species. We computed the AIC-weighted mean of each coefficient, assuming 0 as the value of any coefficients that were absent from specific models (Burnham and Anderson 2002; Arnold 2010) .
Power analysis.-Prior to conducting field work, we performed a power analysis to determine if we would be able to detect the postulated effects with the limited time and resources we had available. Based on literature review, we assumed plausible values of Ψ and P for each species, expressed as functions of road/trail density and distance to urban edge. We simulated stochastic data sets (following Bolker 2008) using equations 2 and 3 under a range of different values for sampling occasions (T) and number of sites (S). We fit models to the simulated data using equation 1 in the optim function in R (R Development Core Team 2011), computed corresponding AIC weights and, based on those, compared ERs among the models. We determined the optimal values of T and S by checking which data Table 1 .-List of a priori and post hoc logistic models for each mammalian carnivore species tested to predict their occurrence on former Fort Ord. Each line represents a logistic regression model and its covariates. The symbols β 0 and γ 0 indicate a constant null model for Ψ and P, respectively. R, U, and F represent road/trail density, distance to urban edge, and presence of fencing, respectively. All species include domestic dogs, coyotes, gray foxes, raccoons, striped skunks, and bobcats. sets produced a substantial ER of the best model to the second best. We examined the fitted model coefficients and visually inspected whether they were close to the known values used to derive the simulated data. Our simulation predicted that we could obtain good results with 60 sites sampled over a 3-week period with sites visited 4 times per week, with the exception of cases where P was low (P < 0.2). For some species (see "Results"), we obtained strong model selection despite detection probabilities lower than 0.2. This was not unexpected, both because power analyses are merely predictions of the outcomes of what ultimately remains a random sampling process (through randomness, models can be strongly selected even when an a priori power analysis predicts that model selection is more likely to be weak, and vice versa), and because power analyses are based upon assumptions about population parameter values and sampling design that are never expected to be perfectly accurate (assumed parameter values were taken from the literature on other systems, and logistical changes occurred between planning and execution of the sampling design). Given the general lack of treatment of this subject in the occupancy modeling literature, we explored the dependence of statistical power (in our case, strength of model selection, measured with ERs) on occurrence and detection parameters specifically in the context of our study using a post hoc Monte Carlo sensitivity analysis, as follows. We assumed that the true model for domestic dogs was model mU.0, where P was constant, and ψ depended on distance to urban edge according to parameters β 0 and β U . We varied the slope of the urban-edge effect (β U ) to greater and lesser values than the value that was actually estimated from our field data (β U = −1.03), by exploring 10 different values of β U between −2.5 and −0.25, and 10 corresponding values of β 0 that ensured that the resulting ψ curves pivoted about a common point: ψ = 0.5 at U = 0.833 km (an actual point along the curve estimated from our field data). For each of the 10 different ψ curves, we also explored 10 different values of P between 0.02 and 0.2, leading to a total of 100 scenarios of differing β U , β 0 , and P. For each of these 100 scenarios, we simulated 10 stochastic data sets (just as in the a priori power analysis) for 66 sites, 8 observations per site, and 2 days between consecutive observations (reflecting our actual sampling design, see "Results"). For each data set, we fitted the urban-edge model (mU.0) and the null model (m0.0) and computed the log 10 ER between the 2 models (i.e., the evidence in support of there being an urban-edge effect). The results indicated a strong positive dependence of the strength of model selection (mean log 10 ER) on both β U and P. ERs were highest at high β U and high P, lower when either of these was low, and lowest when both β U and P were low. For example, under our criterion for "substantial" evidence occurring when ER > √10 (i.e., log 10 ER > 0.5), the sensitivity analysis predicted that the detection probability required to yield substantial evidence of the urbanedge effect decreased from 0.12 to below 0.02 as the strength of the urban-edge effect (β U ) increased in magnitude from −0.5 to −1.25. Put simply, we confirmed that habitat selection in a hard-to-detect species can still be detected, as long as habitat selection is strong and the probability of occurrence is high in at least some part of the study area.
Predictive mapping.-We mapped the estimated probability of occurrence under present (2011) and future scenarios using the weighted covariate coefficients. We created a GIS layer of future urban areas based on proposed development areas in the habitat management plan (United States Army Corps of Engineers 1997) and used ArcInfo (Environmental Systems Research Institute 2010) to create a distance raster representing the distance to the nearest urban edge. We assumed all areas proposed for development to be urban. Specific plans for future road and trail networks were not yet finalized, so we used a road/trail density raster layer that reflected 2011 conditions.
Results
Carnivore surveys.-The 66 track stations were checked an average of 7.6 times each (not including the initial deployments of the stations) for a total of 504 observations. The mean interval between consecutive observations at a site was 2.8 days. The observations yielded 305 identifiable tracks, after discounting 153 unidentifiable tracks. The percentages of sites where a particular species was detected at least once were 36% for domestic dogs, 70% for coyotes, 20% for gray foxes, 52% for striped skunks, 21% for raccoons, 11% for bobcats, and only 1.5% for badgers (which precluded calculations of the probability of occurrence for this species). These are naïve estimates of occupancy because they do not take the probability of detection into account. Model-estimated daily detection probabilities were typically low and near the predetermined threshold from our power analysis for unreliable results (daily detection probabilities estimated over all possible combinations of covariates ranged between 0.02 and 0.13 for domestic dogs, between 0.09 and 0.16 for coyotes, between 0.01 and 0.48 for gray foxes, between 0.03 and 0.15 for striped skunks, between 0.00 and 0.09 for raccoons, and between 0.00 and 0.01 for bobcats).
Variable selection.-Despite the low detection probabilities for several species, model selection was strong for certain species and covariates. For domestic dogs, there was very strong evidence that occurrence was greater near the urban edge, decisive evidence that detection was dependent on the presence of fencing, but only equivocal evidence that it was dependent on road/trail density (Table 2 ). There was no evidence that coyotes favored any particular areas, but there was substantial evidence they were more likely to be detected near the urban edge (Table 3 ). In the a priori analysis, there was strong evidence that gray fox occurrence was lower near the urban edge; evidence was also very strong in post hoc analysis. There was also substantial evidence that the probability of detection was lower at high road/trail densities for gray foxes. Raccoon models demonstrated substantial evidence that occurrence was greater at low road/trail densities and strong evidence that the probability of detection was greater at high road/trail densities. For striped skunks, there was decisive evidence that probability of detection was higher near the urban edge, although neither variable stood out as a good predictor of their occurrence. There was no support for any spatial pattern in probabilities of occurrence and detection for bobcats, presumably because of the overall low detection probability for this species.
Predictive mapping.-We mapped current occurrence probabilities for domestic dogs, gray foxes, and raccoons using weighted coefficients for those species. We did not map coyote, striped skunk, or bobcat distributions because distance to urban edge did not have substantial or greater evidence that it was a good predictor of those species' occurrence, and we assumed constant road/trail density (Table 2) . Domestic dog had a high occurrence (Ψ > 0.5) in areas near the urban edge (R < 1 km) and a very low occurrence in the center of former Fort Ord (Ψ < 0.25; Fig. 2 ). Based on projected land-use changes, the area of very low domestic dog occurrence will shrink from 15 to 3.7 km 2 in the future. The largest area with very high gray fox occurrence (Ψ > 0.75) was within the center of former Fort Ord (Fig. 3) . For most of the areas near the urban edge, the occurrence was low (Ψ < 0.25). Based on projected land-use changes, high gray fox occurrence areas decreased from 9.4 to 0.58 km 2 and were reduced to 2 small pockets within the Fort Ord National Monument, while areas with very high occurrence were nonexistent.
The probability of occurrence for raccoons was negatively correlated with road/trail density. Raccoons were widely distributed in protected areas, as well as urban areas where road/ trail density was low, but had very low occurrence in and near urban areas with high road/trail densities (Fig. 4) . Their future distribution will not change substantially, assuming constant road/trail density.
Discussion
This is one of the first studies on the distribution and habitat affinities of a guild of mammalian carnivores on the central coast of California, which still has large areas of undeveloped coastal land. To the best of our knowledge, this is also the first or one of the first attempts to use occupancy modeling to investigate the effects of urbanization and human recreation on mammalian carnivores.
We collected sufficient detection/nondetection data with noninvasive and short-duration surveys to develop distribution maps for domestic dogs, gray foxes, and raccoons. As expected, distance to urban edge was an important predictor of the distribution of domestic dogs, with > 50% of occurrences within 1 km of urban areas (Fig. 3A) , but dropping below 20% in areas within 2.5 km. This result was similar to the findings of Reed and Merenlender (2008) who found that domestic dog densities were about 4 times higher at the edges of natural protected areas than in their interiors. However, Ordeñana et al. (2010) found no significant correlation between domestic dog occurrence and distance to urban edge, but they did find significant correlation between the percentage of urban areas and domestic dog occurrence. We found that the probability of detection for dogs was decisively and negatively dependent on the presence of fencing. Table 3 .-Model-weighted coefficient values for intercept, distance to urban edge, road/trail density, and the presence of fencing for each species studied.
Species model
Probability of occupancy Probability of detection Table 2 .-Results of model comparison for 6 species based on evidence ratios (ERs). Models with decisive support are indicated in bold font and a box, those with very strong support are bolded without a box, and those with strong support are underlined. R, U, and F represent road/trail density, distance to urban edge, and presence of fencing, respectively. Letters before the dot stand for Ψ variables, whereas letters after the dot represent P variables. The estimated future distribution of domestic dogs (Fig. 2B ) shows a significant increase across our study site. The effects of domestic dogs on wild carnivores are still not well understood. Presence of domestic dogs can affect native carnivore abundance and species richness (Reed and Merenlender 2011) ; dogs may negatively affect some native carnivores' activity patterns and may disrupt their behavior by chasing them, barking at them, or scent marking in their territories (George and Crooks 2006) . Dogs may also be a vector for diseases and a source of hybridization for wild canids (Hughes and Macdonald 2013) . Hence, future expansion by dogs within protected areas could negatively impact native carnivore populations.
We could not determine if either variable was a good predictor of coyote occurrence, but the fact that they were detected at 70% of our sites suggests they were well distributed across our study area. Previous studies showed that coyotes can occur both close to the urban edge and in the interior of habitat patches (Crooks 2002) . Coyotes often use dirt roads in suburban environments (Way et al. 2004) and are generally tolerant of human development and activity (Grinder and Krausman 2001; Crooks 2002; Gehring and Swihart 2002) . Ordeñana et al. (2010) showed that coyotes responded positively to urban intensity and were more likely to occur near the urban edge. Given the coyote's adaptability to human disturbance, the planned expansion of urban areas on former Fort Ord will likely not affect their spatial distribution but may result in a smaller functional area for resting and rearing young, increase competition among individual coyotes, between coyotes and other species, and alter their temporal activity patterns.
Gray foxes strongly preferred inland areas > 2 km away from the urban edge. Previous studies in California were inconsistent on the effect of urban areas on the distribution of gray foxes and suggested that more complex models with additional variables may describe gray fox occurrence more accurately. In a preserve of similar size and vegetation 150 km north of our study area, gray foxes frequently used urban areas but maintained core areas almost entirely within the natural landscape (Riley 2006) . Our results seem to match those of Riley (2006) since we would expect core use areas to correspond to areas with higher probability of occurrence. In a highly urbanized landscape in southern California, Crooks (2002) observed the highest abundance of gray foxes within 50 m of the urban edge and the lowest in the interior of habitat fragments. The discrepancy between our results and those of Crooks (2002) might be due to the difference of scale; the largest of the 29 habitat fragments Crooks (2002) studied was 2 orders of magnitude smaller than our study area, and the average fragment size was 3 orders of magnitude smaller. In a meta-analysis of 12 southern California studies conducted on several preserves that mirrored the size of our study area, Ordeñana et al. (2010) found that gray fox occurrence increased with distance to urban edge, which concurs with our results. Thus, gray foxes seem to concentrate their activities in the interior of large natural preserves and maintain a separation buffer from the urban edge, but when such preserves are not available, they are capable of using smaller natural fragments bordering highly urbanized areas (Crooks 2002; Ordeñana et al. 2010) . Interference competition may drive gray foxes away from areas of high coyote abundance (Fedriani et al. 2000; Crooks 2002; Farias et al. 2005; Ordeñana et al. 2010; Temple et al. 2010 ). Due to small sample sizes, we were not able to include interactions between species in our distribution models to test this hypothesis directly, but our observation of opposite responses of gray foxes and dogs to urban edges supports the hypothesis that domestic dogs may also act as potential interference competitors of foxes (Vanak and Gompper 2009 ). In northern California, gray foxes were more abundant in areas where both recreation and dogs were prohibited (Reed 2011 ), but we did not observe higher occupancy by gray foxes in the fenced off areas. This suggests that the absence of dogs was not a strong driver of gray fox occurrence; thus unaccounted factors may explain these differences. We suspect that species interactions and local and landscape habitat covariates may be needed to predict gray fox distributions more accurately.
Although the distribution of gray foxes in our study area occurs largely within the boundary of protected lands, their predicted distribution was greatly reduced compared to current estimates. Our models predicted that the areas with very high probability of occurrence (Ψ > 0.75) will disappear completely, and that the total area where occurrence is > 0.5 will decrease from 12 km 2 to just over 0.5 km 2 (Fig. 3) . Our results suggest that currently unprotected but undeveloped areas provide an important buffer between urban areas and areas of high gray fox occurrence. Under the assumed scenario of full development, the effective preserved habitat for gray foxes may be much less than the actual protected area of the Fort Ord National Monument.
We found that scent stations provided a simple and quick method for studying mammalian carnivore distributions. The overall costs of setting up, maintaining, and surveying the sites for tracks are lower than other methods (Ray and Zielinski 2008) . The lack of expensive equipment, such as remote cameras, eliminates the need for securing it from theft and vandalism, both of which are issues of concern near densely populated areas. The shortcomings of this methodology are that detection probabilities can be low for some species, identifying tracks to the species level requires observers with good tracking skills (Barea-Azcón et al. 2007) , and resulting data cannot be independently verified. Although it was not logistically feasible for us to photograph tracks with proper exposure for independent verification, this option should be considered for future studies. Standardized certification programs such as CyberTracker (CyberTracker North America 2011) provide a tool for ensuring observer reliability and consistency in studies using tracks for species detection.
Combining several different methods would likely increase detection probabilities for several species of the carnivores we studied (Gompper et al. 2006) . Reed (2011) demonstrated that detection probabilities varied for gray foxes, coyotes, and (possibly) bobcats among several noninvasive methods. Occupancy modeling enables researchers to compare detection probabilities for different detection devices and employ several methods in 1 study (O'Connell et al. 2006) . However, using too many methods, besides being expensive, would also result in lower power for predictive models. Thus, careful consideration should be given to the potential gain in detectabilities by using several survey methods versus the resulting loss of predictive power. We were able to collect sufficient data on domestic dogs and gray foxes; however, analyses for coyotes, striped skunks, raccoons, and bobcats would benefit from more data. Longer sampling periods and alterations to the lure used may also help increase detection probabilities.
Although we focused our analyses on landscape covariates that describe anthropogenic effects, future studies, especially those on gray foxes, should consider including other abiotic and biotic factors, such as vegetation structure and cover, density of prey, species interactions, or even geomorphologic factors such as slope, aspect, or topographic position, to gain a fuller understanding of carnivore distributions in the central California coast region. Due to logistical constraints, we limited our study to one season which allowed us to treat detection probabilities as constant over time. More robust, multi-seasonal studies will be needed to determine if the detection probabilities of these carnivores vary seasonally in our study area.
Protecting areas solely for conservation purposes may be the most effective policy (Reed and Merenlender 2011) , but that is unlikely to occur near areas of urban development with high demand for recreational opportunities. Instead, land managers can continue to use road/trail openings and closures to mitigate the impacts of human recreation. At the scale of our study area, such actions are not likely to affect carnivore distributions but may affect the behavior of gray foxes and raccoons at local scales.
